International Journal of Advanced Technology in Civil Engineering
Volume 1

Issue 4

Article 8

October 2012

EFFECT OF ADDITION OF FLY ASH ON SHRINKAGE
CHARACTERISTICS IN HIGH STRENGTH CONCRETE
GUNAVANT K. KATE
Baramati, India, kategk16@rediffmail.com

PRANESH B. MURNAL
Govt .College of Egg. Aurangabad, pmurnal@yahoo.com

Follow this and additional works at: https://www.interscience.in/ijatce

Recommended Citation
KATE, GUNAVANT K. and MURNAL, PRANESH B. (2012) "EFFECT OF ADDITION OF FLY ASH ON
SHRINKAGE CHARACTERISTICS IN HIGH STRENGTH CONCRETE," International Journal of Advanced
Technology in Civil Engineering: Vol. 1: Iss. 4, Article 8.
DOI: 10.47893/IJATCE.2012.1041
Available at: https://www.interscience.in/ijatce/vol1/iss4/8

This Article is brought to you for free and open access by the Interscience Journals at Interscience Research
Network. It has been accepted for inclusion in International Journal of Advanced Technology in Civil Engineering by
an authorized editor of Interscience Research Network. For more information, please contact
sritampatnaik@gmail.com.

Effect of Addition of Fly Ash on Shrinkage Characteristics in High Strength Concrete

EFFECT OF ADDITION OF FLY ASH ON SHRINKAGE
CHARACTERISTICS IN HIGH STRENGTH CONCRETE
GUNAVANT K. KATE1, PRANESH B. MURNAL2
1

Department of Civil Engg.,Malegaon(Bk), Asst.prof., Baramati, India
Department of Applied Mechanics, SVPM’s,College of Engg, Govt .College of Egg. Aurangabad, Head of Dept.,
Aurangabad, Maharashtra India
Email: kategk16@rediffmail.com, pmurnal@yahoo.com

2

Abstract: This paper presents the results of an experimental investigation carried out to evaluate the shrinkage of High
Strength Concrete. High Strength Concrete is made by partial replacement of cement by fly ash. The shrinkage of High
Strength Concrete has been studied using the different mixes from a minimum of 10% to maximum of 70 %. From the test
results of the above investigation it can be concluded that the shrinkage strain of High Strength Concrete increases with
increase in fly ash content. The rate of increase in shrinkage with time is uniform for low fly ash content, whereas it
generally increases after 28 days for high volume of fly ash and the high volume fly ash concrete yields slow strength
development at an early age.
Keywords: high strength concrete, fly ash, HVFAC, shrinkage, shrinkage strain, super plasticizers

I.

concrete exhibits less shrinkage than higher w/c
mixtures, this general rule may be misleading and
should be qualified. While it is true that concrete
made using a low w/c typically exhibits lower drying
shrinkage, these mixtures can exhibit a substantial
increase in autogenous shrinkage, especially during
the first 24 hours of material development.
Autogenous shrinkage describes length changes that
are not attributed to mass loss (water loss) or
temperature change. Autogenous shrinkage occurs as
a result of self-desiccation (internal water
consumption) in low w/c mixtures where sufficient
water is not provided to complete the reaction with
the cement. Although self-desiccation was originally
described over sixty years ago, it was not perceived to
be a problem in concrete for many years since high
w/c ratios (>0.42) were used to insure workability.
However, widespread use of water-reducing agents
(and high-range water reducing agents) have made it
possible to utilize low w/c mixtures more routinely
and, as a result, autogenous shrinkage must be
considered in these mixtures. While it is important
that cement-based materials exhibit volumetric
stability with moisture fluctuations, the true goal of
limiting volumetric change is to reduce the potential
for cracking [5]. Determining if concrete will
shrinkage in service is difficult however, due to
complex interaction of several factors including the
materials ability to permit stress relief through creep
or micro-cracking [1], shrinkage rate, and the rate of
material property development. In addition, factors
such as specimen geometry, curing conditions, and
restraint conditions further complicate predicting the
potential for cracking.
This paper presents the results of an experimental
investigation carried out to evaluate the shrinkage of

INTRODUCTION

It is generally assumed that increasing the
strength of concrete automatically corresponds to an
increase in long-term durability; however this may
not necessarily always be true. In recent years, longterm strength and quality has become major concern
in the design and specification of concrete structures.
Due to ever increasing urbanization, structures like
sky-scrapers and other huge structures are increasing
day by day. As a result, high strength concrete (HSC)
has achieved widespread use in the world. The Indian
Standard IS: 456:2000 specifies percentage of fly ash
as no more than 15%-25% of total cementitious
content. The use of fly ash (Grade 1) as part
replacement of ordinary Portland cement (having
total alkali content as Na2O equivalent not more than
0.6 percent), is at least 20 percent or slag content is at
least 50 percent. ACI 318, till recently, allowed up to
25% fly ash for all concrete, but the latest ACI 318,
just off the presses has since withdrawn this limit.
The high-volume fly ash concrete is one specific type
of fly ash concrete with higher fly ash contents, lower
water-to-cementitious materials ratio (W/CM), and
lower cement contents[8].
Shrinkage is the decrease of concrete volume with
time. This decrease is due to change in moisture
content of the concrete, which occurs without stress
attributable to actions external to the concrete.
Swelling is the increase of concrete volume with
time. Shrinkage and Swelling are usually expressed
as dimensionless strain (in/in. or mm/mm). Under
given conditions of room temperature, shrinkage is
primarily a function of the paste, but is significantly
influenced by the stiffness of the coarse aggregate.
While it is commonly assumed that lower w/c
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High Strength Concrete. In the present investigation
an attempt has been made to study the behavior of the
high strength concrete using component materials and
fly ash.

III. EXPERIMENTAL PROGRAMME
To investigate the influence of binder composition
all mixtures used in this study maintained a constant
aggregate volume of 65% that was composed of equal
proportions of fine aggregate. Table 1, 2 and 3
provide a summary of the material proportions used;
however further details of the mixture proportions,
materials, and casting processes are available
elsewhere in literature. The mixture proportions that
will be used in this study were chosen to describe the
influence of the water-to-cement ratio (w/c), fly ash
replacement.

II. MATERIAL COMPOSITION
This paper summarizes recent studies that illustrate
the influence of pozzolanic materials like fly ash on
the properties of concrete. The cement was partially
replaced by different amount of fly ash and was used
to describe concrete performance. In the present
investigation the parameters varied were:
(i) Fine aggregate (Krishna River)
(ii) Coarse aggregate of sizes 20 mm and 12.5 mm.
(iii)
Supplementary
cementitious
material
replacement of 0, 10, 25, 40, 55, 70% cement
materials by different amount of F .A.
The water to cement plus binder ratio was varied
from 0.23 to 0.35. To get the required degree of
workability at
lower
water-cement
ratios,
superlasticizer was added at the rate of 1.5% by
weight of cement [6]. These low W/C ratios are only
attainable with quite large doses of superplasticizer
confirming to ASTM C-494 type F or G fly ash. The
physical properties of fine aggregate; coarse
aggregate and fly ash are given in Table 1-3.

Table 5- Mix propotions

IV. EXPERIMENTAL PROCEDURE
For determination of shrinkage, a concrete
shrinkage measuring apparatus was used in this study
as shown in fig.1.

Table 1: Physical properties of Fine aggregate

Table 2: Physical properties of Coarse aggregate

Table3: Physical properties of Fly Ash (Class C)

Table 4. Chemical properties of Fly Ash (Class C)

1. Base,
2. Recessed Seating,
3. Standardization Bar,

4.Pillars,
5. Cross Plate,
6. Dial Gauge.

Figure .1: Shrinkage Apparatus

In this experimental work, rectangular
concrete specimens of 100mm × 100 mm in cross
section and 250mm length were cast with various
concrete mixes. Pins were embedded at both ends of
the specimens to hold them in the shrinkage apparatus
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259

Effect of Addition of Fly Ash on Shrinkage Characteristics in High Strength Concrete

as shown in fig.2. Specimens were cured in water for
7 days before testing for shrinkage. Initial readings of
the specimens were taken with the help of dial gauge
attached to the apparatus. Then the specimens were
air dried for 7, 28 and 56 days. Again the final
reading of each specimen was taken after the
specified period of air-drying. The change in length
of each specimen was calculated from the difference
of final and initial dial gauge readings. Then the
shrinkage strain was calculated [11].
Immediately after 7 days moist curing period, all
the specimens were taken for shrinkage measurement.
After noting down the shrinkage values these
specimens were stored in the laboratory for air dry
curing period of 7, 28 and 56 days. Care was taken to
keep a minimum 5 mm clearance between individual
concrete specimens to permit for free air circulation.

specimens, which were cured under the standard
condition. The specimens were made for each
concrete mix separately and tested for 7, 28 and 56
days. The compressive strength developments for
mix-1 and mix-2 are shown in Table 7 and 8 which
represents the compressive strength of concrete
containing different quantities of fly ash.

Figure 3. Variation of Shrinkage Strain of Concrete Mix-1 with
different fly ash quantities with age.

1.Mould,
2. Detachable End Plate,
4. Reference Points/ Pins,

The effect of 10 to 70 % replacement of cement
with fly ash on shrinkage strains of 7 days cured
rectangular concrete specimens was studied under the
air dried condition. The results were compared to the
shrinkage strains of different quantities of concrete
and specific days (7, 28, and 56) to the same
experimental condition. Fig.3 shows the variation of
shrinkage strain with increase in percentage of fly ash
for concrete Mix-1 at different curing periods. The
strain calculated at every age is the average of three
measurements, one from a specimen of each of the
three batches of the concrete mixtures. From Fig 3, it
is observed that there is a general trend of increase of
shrinkage strain with increase in percentage of fly ash
for all curing periods. It is also observed that the rate
of increase of shrinkage strain with increase in fly ash
content relatively more at 56 days than 7 and 28
days.

3. Allen Bolt,
5. Base Plate.

Fig.2: Concrete Mould

V. DISCUSSION OF EXPERIMENTAL
RESULTS

Table 6- Test Results of Shrinkage of Concrete Mix-1, Length of
Specimen: L=275mm

A) Effect of Fly Ash Content on Shrinkage
Characteristics:
The test results of various concrete
mixes without and with replacement of 0, 10, 25, 40,
55, 70% amounts of fly ash respectively is reported.
The shrinkage results of various concrete mixes were
observed during the course of this investigation. The
drying shrinkage of high strength concrete and high
volume fly ash high strength concrete are obtained on
rectangular specimens prepared and tested under
specified conditions. The test results of shrinkage and
shrinkage strain of concrete Mix-1 and Mix-2
containing different quantities of fly ash are
represented in Table 5 to 6 and Figures 3 to 6
respectively. In addition this, compressive strength of
hardened concrete was also tested. All the results of
compressive strength were based on 15 cm cube test
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Table 7- Test Results of Shrinkage of Concrete Mix-2, Length of
Specimen: L=275mm

Table 8- Test Results of Compressive Strength of Concrete
Mix-1

Fig. 4 shows the variation of shrinkage strain with %
of fly ash content for concrete Mix-2. The results of
concrete Mix-2 are similar to those of concrete Mix1. However the rate of increase of shrinkage strain
with % of fly ash is little lower than that of concrete
Mix-1. But the magnitude of shrinkage strain for
concrete Mix-2 is significantly higher than concrete
Mix-1.

Figure 4. Variation of Shrinkage Strain of Concrete Mix- 2
with different fly ash quantities with age.

Figure 5. Effects of age on Shrinkage of diff. quantities of fly
ash of Concrete Mix-1

B)
Effect of Age on Shrinkage with different
Quantities of Fly Ash of Mix-1 and Mix-2:
Due to high volume fly ash content,
concrete pastes containing fly ash generally have a
lower stiffness at earlier ages, making them more
susceptible to increased shrinkage under standard
testing conditions. The effect of age on shrinkage
strain of concrete Mix-1 and concrete Mix-2 for
different percentage of fly ash content are shown in
fig.5 and 6.

From these figures it is seen that there is an
increase in shrinkage strain with time as expected.
This is true to for all contents of fly ash considered.
However the rate of increasing in shrinkage at a later
age (28 days to 56 days) is generally higher than for
high volume fly ash concrete. This is especially
significant for concrete Mix-1. The rate of increase of
shrinkage strain is generally uniform for all low fly
ash content.
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Fig. 7. Effect of % Fly ash on Compressive strength at 7,28,56
days of Concrete Mix-1

Figure 6. Effects of age on Shrinkage of diff. quantities of fly
ash of Concrete Mix-2

80

C) Effect of Fly Ash Content on Compressive
Strength:
The effect of level of cement
replacement with fly ash development of the
compressive strength of hardened concrete was
investigated with different fly ash quantities. The
results of compressive strength at 7 days, 28 days and
56 days are tabulated in Fig 7 and 8. The additional
curing period of 56 days was selected because for
high volume fly ash the rate of gain in strength is
very slow.

7 days

Comp. strength in N/mm²

70
60

28
days

50
40
30
20
10
0

Table 9- Test Results of Compressive Strength of Concrete
Mix-2

0

10

25

40

55

70

Fly ash replacement in %
Fig. 8. Effect of % Fly ash on Compressive strength at 7, 28, 56
days of Concrete Mix-2.

VI. CONCLUSIONS
In this investigation shrinkage properties of high
strength concrete with varying contents of fly ash
have been studied. The study especially focuses on
the effect of high volume of fly ash up to 70 %.
Based on this investigation following conclusions are
made.
1. Shrinkage of high strength concrete increases
with increase in fly ash content.
2. The rate of increase of shrinkage with time is
uniform for low fly ash content, whereas it
generally increases after 28 days for
high
volume of fly ash.
3. The strength of concrete after a given curing
period decreases with increase in fly ash content.
However the increase in strength continues for a
long period for concrete with high volume of fly

From these test results it is seen that with increase
in fly ash content the compressive strength reduces. It
is also observed that target strength is not achieved
for high volume fly ash. The compressive strength are
also presented graphically in Fig 7 and 8. Although
the target strength has not been reached by mixes
with high volume of fly ash, it is seen that the rate of
increase of strength has been steady even after 28
days, which is not observed for low fly ash content,
so it is likely that high volume fly ash concrete may
reach the target strength at a later stage. This trend is
similar for both concrete Mix-1 and concrete Mix-2.
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Engineering And Mineral Resources at West Virginia
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ash. Hence it is likely that target strength may be
achieved after a long duration.
The workability of High Strength Concrete
improves with increase in fly ash content.
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